Background: Within the last decade, confocal microscopy has become a valuable non-invasive diagnostic tool in imaging human skin in vivo. of the two different methods that exist, reflectance confocal microscopy (rcM) displays the backscattering signal of naturally occurring skin components, whereas fluorescence confocal microscopy (FcM) provides contrast by using an exogenously applied fluorescent dye. methodology: a newly developed multilaser device, in which both techniques are implemented, has been used to combine both methods and allows to highlight different information in one image. in our study, we applied the fluorophore sodium fluorescein (SFl) intradermally on forearm skin of 10 healthy volunteers followed by fluorescence and reflectance imaging. results: in fluorescence mode the intercellular distribution of SFl clearly outlines every single cell in the epidermis, whereas in reflectance mode keratin and melanin-rich cells and structures provide additional information. the combination of both methods enables a clear delineation between the cell border, the cytoplasm and the nucleus. imaging immediately, 20, 40 and 60 minutes after SFl injection, represents the dynamic distribution pattern of the dye. Conclusion: the synergism of rcM and FcM in one device delivering accurate information on skin architecture and pigmentation will have a great impact on in vivo diagnosis of human skin in the future.
Introduction
in recent years, reflectance confocal microscopy (rcM) has brought essential improvements in imaging human skin in vivo. this technique enables noninvasive optical sectioning of the tissue at a resolution that allows visualization of histological details [1, 2] . the reflection of various skin components as for instance melanin, keratin, lipids or collagen, provides the source of contrast [3] . More recently certain investigators have demonstrated that also exogenous fluorescent contrast agents can successfully be applied to the tissue providing complementary information on skin morphology [4, 5] . the in vivo confocal technique has therefore expanded from a reflectance to a fluorescence mode. Fluorescence confocal microscopy (FcM) relies on the excitation of exogenous fluorophores with a laser light source that offers the appropriate wavelength [6, 7] . thereon, the emitted fluorescence signal can be detected. the image quality provided by a fluorophore depends on several factors, including diffusion properties, solubility, clearance and pH-value [7] . to date, only very few Food and Drug administration (FDa) approved fluorescent dyes for use in humans exist.
Sodium fluorescein (SFl) is one of them. it has a peak spectral absorption at 490 nm and is FDa approved since 1976 as a contrast agent for angiography when applied intravenously [8] . lately the properties of SFl in non-lesional and lesional human skin after topical and intradermal administration have also been characterized and studied in combination with in vivo FcM [4] [5] [6] 9] . the newly developed Vivascope ® 1500 Multilaser (lucid inc, rochester, new York; uSa) now offers the possibility of combining reflectance with fluorescence confocal microscopy in one single device. one of the three lasers that are integrated in this machine has a wavelength of 488 nm and therefore closely matches the excitation maximum of SFl. the aim of our study was to link and compare reflectance with fluorescence in vivo confocal microscopy of healthy human skin after intradermal injection of SFl and to investigate and highlight different and therefore additional information on skin morphology. methods Participants ten individuals, five men and five women, aged between 25 and 43 years, were asked to participate in the study. the research protocol was approved by the local ethics committee of the Medical university of Vienna and the austrian health authority (Bundesministerium für Gesundheit, Vienna, austria). all individuals were caucasian, with skin types ranging from ii to iV. clinically healthy, non-sun-damaged skin on the inner forearm was scanned with the confocal microscope. the study was conducted in Vienna (Department of Dermatology, Medical university of Vienna, austria). Written consent was obtained before enrollment. the clinical investigation was conducted according to the principles of the Declaration of Helsinki.
In vivo fluorescence/reflectance confocal microscopy
reflectance and fluorescence images were obtained using a commercially available confocal laser scanning microscope (Vivascope ® 1500 Multilaser [lucid inc, rochester, new York; uSa]). a comprehensive review of the optical principles of the reflectance-only VivaScope ® has been published elsewhere [1] . the multilaser system differs in that it is equipped with three lasers with wavelengths of 488 nm (blue), 658 nm (red) and 785 nm (near-infrared), and three corresponding filter sets. each filter set is mounted in a bar. the user inserts the filter bar into the side of the confocal module. after application of a specific fluorescent dye the compatible laser is used to illuminate the tissue, thereby exciting the appropriate fluorophore within the specimen. cm). the standard procedure for in vivo scanning with the Vivascope ® has been described previously [10] . SFl has a maximum absorption rate at a wavelength around 490 nm and the fluorescence emission is peaking at about 520 nm.
the tissue was illuminated with blue laser light (488 nm). µm the short-wave laser has reached its limit and the rM image is markedly degraded (Figure 4a ). an eccrine duct is displayed as a highly reflective, unfocused whitish structure.
in FM capillary vessels can be appreciated inside lucid dermal areas, whereas the eccrine duct appears dark ( Figure 4B ).
Within five to ten minutes after injection, the fluorescent dye is taken up from the extracellular space into the cytoplasm of the keratinocytes. Figure 5a (Figure 5c and D) . therefore, the area surrounding the cell now appears dark, which contours the cell border again.
the intracellularly redistributed dye makes the cytoplasm shine bright and outlines the nucleus. Subsequently, the fluorescence intensity starts to decrease and about 60 minutes after introduction of SFl further evaluations in FM do not provide anymore diagnostic benefit (Figure 5e and F) . the results were reproducible and consistent for all ten subjects.
We observed that the redistribution occurred more rapidly at the center of the injected site which could be explained by the fact that the dye concentration was highest in this area.
the application of SFl was safe and well tolerated and no adverse event occurred in any of the participants. a slight yellow discoloration remained visible at the injection site but completely disappeared about 24 hours after intradermal administration.
Discussion
non-invasive or minimally invasive diagnostic assessment of human skin is not only desirable but also becomes more and more feasible as devices improve and increasingly become commercially available. in vivo confocal microscopy is probably one of the best established non-invasive techniques to study the skin at a cellular and sub-cellular level [12] . to date, two different methods, each of which has its own special qualities, exist: the reflectance and the fluores- in a recent study FcM has been shown to enable a systematic, minimally invasive histomorphometric evaluation of actinic keratosis and has been successfully used to monitor the therapeutic response of basal cell carcinomas during topical treatment with imiquimod [5] . Furthermore, inflammatory and infectious skin diseases have been effectively studied by this method [4, 9] . even though promising results in nonlesional and lesional human skin have been published, FcM is still in the experimental stage. notwithstanding that fact, it is obvious that the combination of both techniques provides supplementary information which could be useful in order to improve diagnostic evidence.
A B noma have been used successfully in a mouse model [16] .
For human application, however, there is a limited panel of fluorescent dyes that are FDa approved so far. in our study we used SFl, which has been applied safely for decades as a contrast agent for ophthalmic angiography [17] . after intradermal injection the rapid extracellular distribution of the dye enabled an immediate evaluation. Soon thereafter, SFl starts to diffuse into the cells. after about an hour the fluorescent signal had all but disappeared, comparable to previously performed kinetic studies [4] . However, though the pharmacokinetic process of SFl provides additional functional information on the state of the tissue, its rapid redistribution can also be considered a handicap during evaluation. the restriction in penetration depth with the short-wave 488 nm laser is one of the key technical limitations of this method. the identification of other fluorophores that can be combined with longer-wavelength lasers that are integrated in the device will allow deeper penetration and, therefore, extend the clinical and experimental applicability. 
